This research investigates the quality changes during composting of bagasse and pig manure amended with 30% of surfactantcoated charcoal (SC). Two treatments, 30% uncoated charcoal (UC) amendment and no charcoal (NC) amendment, were done as control. Charcoal was coated with 0.37 mM tetradecyltrimethylammonium bromide (TDMA), a cationic surfactant, at the dosage of 10 g/L. At the end of the composting period, the carbon to nitrogen (C/N) ratio of SC amendment was 9.7; whereas, the C/N ratios of UC and NC amendment were 12.6 and 21.4, respectively. Plant nutrients contents of the compost produced from SC amendment were 20.7 mg NH 4 + -N/g, 42.8 mg NO 3 --N/g, and 41.7 mg P/g. High nitrate and phosphate concentrations in SC amendment were due to the adsorption of these anions on the positive charge of TDMA. Desorption of plant nutrients retained in the compost pellets was also investigated. It was predicted that nitrate was fully desorbed from a pellet at 23 days for SC amendment, which was later than UC (14 days) and NC (10 days) amendment. A slow release of nitrate from the compost pellet will reduce the nitrate leaching into the environment. Thus, the adding of SC in the compost pile is one of the alternative methods to improve the quality of compost and plant nutrient retention.
Introduction
Bagasse is one of the crop residues from the sugar cane industry. Large quantities of bagasse of about 20 Mt are produced annually in Thailand. It has high organic carbon and can be used as fuel and for paper products and ethanol production. In addition, it consists of nitrogen, potassium and phosphorus, which are the essential nutrients for plants. Thus, composting of bagasse is an alternative waste management, because it is low-technology and offers an incentive to the farmer. Nitrogen sources are normally derived from animal waste, such as pig manure. The aerobic condition is normally kept in the compost piles to reduce nitrogen loss to nitrogen gas and nitrous oxide. However, nitrogen loss can be found under aerobic condition in the form of nitrate, which has the potential to leach to groundwater. In addition, nitrogen loss in the form of ammonia occurs at high pH. To reduce this effect, charcoal amendment is interesting, because it is inexpensive. Charcoal also acts as a bulking agent, which improves soil structure after application. It is also reported that the adding of charcoal into inorganic fertilizer also improves plant growth and increases grain yield [1] . In addition, fertilizer impregnated charcoal was reported as a slow-release type fertilizer [2] . However, charcoal is normally made from wood, which contains high cellulose content and exhibits negative charge. In order to enhance the adsorption of nitrate and phosphate for nutrient retention during composting, the chemical surfaces of charcoal should be modified to positively charged exchange sites. Previous researches used the cationic surfactant loaded onto zeolite, which resulted in controlling the ammonium and nitrate release from fertilizer [3, 4] . None of the previous studies reported the use of surfactant coated-charcoal in the compost pile to restore the ammonia and nitrate. This method offers not only an improvement of the compost quality, but also protection of the environment. Thus, this research aims to investigate the effect of adding charcoal and surfactant-coated charcoal on the compost quality and nutrient retention in the compost. ) from the compost pellet was done in static condition adapted from Liang et al. [7] . The 2.5 g compost pellet was placed in 2 L of distilled water and the pH was adjusted to 5.0-6.0. It was kept in a controlled room at 35 o C. The released nutrients in the solution were monitored every day, following the standard method for examination of water and wastewater [8] .
Results and Discussion

Compost Process and Quality
The chemical property of each compost pile during composting process is shown in Table 3 . The temperature dynamics of each pile showed a similar trend, which was at the highest after 2 weeks of composting period for UC and SC amendment. As for NC amendment, the highest temperature was found after 3 weeks of composting period (data not shown). The high temperature of the compost pile promotes a high amount of thermophilic bacteria (Fig. 1 ). It also found that the pH increased during the thermophile process, particularly for SC amendment. This means that the decomposition of organic nitrogen occurred and that ammonia was produced. Ammonia was then biodegraded to nitrate and hydrogen ion leading to lowering of the pH. Monitoring the microbial population confirmed that the numbers of thermophilic bacteria depended on the temperature. As the decomposition progressed, the number of bacteria gradually increased both thermophilic and mesophilic bacteria to the maximum at 14 days of composting period. Then, they decreased and were not changed after 35 days of composting period. However, SC amendment gave the highest number of bacteria among the other compost piles. Intense microbial activity led to organic matter mineralization. Degradation of organic matter followed the zero-order kinetics, as follows:
where C 0 and C t are the organic matter content at initial and at time t; t is time (day) and K 0 is the reaction rate. The rate of or- Table 1 . Wood charcoals from mango and rain trees were ground and passed through a 16 size mesh. Then, they were divided into 2 portions, which were coated and uncoated with cationic surfactant. Coated charcoal was prepared by shaking 1 g of charcoal in 100 mL of 0.037 mM tetradecyltrimethylammonium bromide (TDMA) for 24 hr. The characteristics of the surfactant-coated and uncoated charcoal are shown in Table 2 .
Composting Piles and Monitoring
The mixtures of composting materials were employed at laboratory scale to determine the effect of charcoal amendment on compost quality. The selected mixtures were:
pig manure (7.8 kg DW) + bagasse (13 kg DW) 2) 30% uncoated charcoal amendment (UC):
pig manure (7.8 kg DW) + bagasse (13 kg DW) + charcoal (6.24 kg DW) 3) 30% of surfactant-coated charcoal (SC):
pig manure (7.8 kg DW) + bagasse (13 kg DW) + surfactant-coated charcoal (6.24 kg DW)
The mixtures were placed in containers made from bamboo. The moisture in each treatment was controlled at 50%-60% over the entire period of experiment. Hollow pipes of 2.5-cm diameter were put into the pile for air ventilation. The composts were observed by measuring temperature, pH, total organic carbon, total organic matter, total Kjeldahl nitrogen, phosphorus, and potassium, following methods by the AOAC [5] . The weight loss of composting piles was also determined in terms of dry weight (DW) at the first day and at the end of the composting period of 70 days. In addition, the total viable plate count was used to identify mesophilic and thermophilic bacteria [6] .
Determination of Nutrient Retention of Compost Pellet
In order to imitate the real used fertilizer in the field, the mature compost was extruded to make a pellet. The release of nu- 3) . It was recommended that C/N should be less than 20 to ensure the nitrogen available for plant [9] . The C/N ratios of this study are 20.8, 14.8, and 10.6 for NC, UC, and SC amendment, respectively. Although the C/N ratio in this study is less than 12 for the UC and SC amendment, the nitrogen in the compost is still higher than for the NC amendment. This finding also corresponded with the use of ash mixing in the compost [10] . Thus, the nitrification index (NH 4 + /NO 3 -) can be applied to determine the ripeness of compost, which should be less than 1 [11] . The NH 4 + /NO 3 -ratios of SC and UC amendment ganic matter mineralization is the slope of the plot of C 0 and t, as shown in Fig. 2 . It was found that SC amendment could enhance the organic matter degradation rate to 4.60 mg/g·d, compared to 2.46 and 1.91 mg/g·d for UC and NC amendment, respectively. The high rate of SC amendment occurred, because charcoal provided a suitable condition for microbial growth. Charcoal from wood species usually contains large and small vessels, and fiber cells act like capsules for retention of nutrient [2] Observation of the nitrogen variation during the composting period showed that SC and UC amendment could retain more nitrogen than UC amendment. The C/N ratio sharply decreased 
